Abstract During the 2009-2010 A/H1N1 influenza pandemic, pregnant women infected with the virus experienced excess morbidity and mortality when compared with other groups. Once a vaccine was available, pregnant women were a priority group for vaccination. Only a few studies have reported on the uptake of 2009 A/H1N1 influenza vaccine among pregnant women during the pandemic and none were from Asia. The purpose of this study was to examine factors associated with 2009 A/H1N1 influenza vaccine uptake among pregnant women in Hong Kong. Using a multi-center, cross-sectional design, we recruited 549 postpartum women from four post-natal wards in Hong Kong over a 4-month period during the second wave of the A/H1N1 influenza pandemic in the winter and spring of 2010. Only 6.2% (n = 34) of participants had received the 2009 A/H1N1 influenza vaccine and 4.9% (n = 27) had received the seasonal influenza vaccine. The most common reasons for not receiving the 2009 A/H1N1 vaccine were fear of causing harm to themselves or their fetus. A high knowledge level (OR = 19.06; 95% CI 5.55, 65.48), more positive attitudes (OR = 3.52; 95% CI 1.37, 9.07), and having a family member who had the 2009 A/H1N1 influenza vaccine (OR = 7.69; 95% CI 2.92, 20.19) were independently and positively associated with vaccination. Study results show an unacceptably low uptake of the pandemic A/H1N1 influenza vaccine among pregnant women in Hong Kong. Interventions to increase influenza vaccine knowledge and uptake among this group should be a priority for future pandemic planning and seasonal vaccination campaigns.
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Background
Pregnant women who contract influenza are at a greater risk of being hospitalized [1, 2] , of being hospitalized for longer duration [3] and of pregnancy complications such as pre-term labor, fetal distress, and cesarean section [3, 4] . In addition, the risk of hospitalization for cardiopulmonary conditions increases progressively as the pregnancy advances [2, 3, 5] . When compared with their non-pregnant peers, the risk of hospital admission among pregnant women is approximately 50% higher from weeks [14] [15] [16] [17] [18] [19] [20] and almost fivefold higher in weeks 37-42, resulting in approximately 2.5 hospitalizations per 1,000 third trimester women attributable to influenza infection [5] . This level of risk is equal to or higher than that of persons aged 65-69 years [6] or those with high-risk chronic diseases, such as cardiac and renal disease, diabetes mellitus, and immune suppression [5] .
In early 2009, a novel strain of influenza A/H1N1 emerged in Mexico and spread rapidly to almost all other countries around the globe [7] . In Hong Kong, the first case of pandemic A/H1N1 influenza was identified on May 1, 2009 and the disease spread among the population despite early containment measures [8] . Although the majority of 2009 A/H1N1 influenza infections produced only mild symptoms [9] , excess morbidity and mortality were observed in pregnant women during the pandemic [10, 11] . In the United States (US), a greater proportion of pregnant women infected with 2009 A/H1N1 influenza required hospitalization when compared with the general population (32.4.% vs. 4.2%) and 5-13% of all A/H1N1 influenza deaths in the early part of the pandemic were among pregnant women [10, 12] . In France, almost 50% of pregnant women infected with 2009 A/H1N1 influenza required hospitalization and 13% required admission to an intensive care unit (ICU) [13] . Overall, pregnant women were five times more likely than other infected persons to be admitted to ICU [14] . In the United Kingdom, Australia and New Zealand, 10% of pregnant women infected with 2009 A/H1N1 influenza admitted to an ICU died, over 10% experienced a pregnancy loss, and over 50% had a pre-term delivery [15] . In another study of 64 pregnant women with 2009 A/H1N1 influenza in Australia and New Zealand who were admitted to an ICU, none had been vaccinated [16] . In Asia, the outcomes for pregnant women infected with 2009 A/H1N1 influenza were more favorable [17, 18] . In Hong Kong, 87 pregnant women with 2009 A/H1N1 infection were admitted to public hospitals from the beginning of the pandemic up until May 2010, only one required mechanical ventilation and none died [19] .
While some researchers have questioned both the necessity and safety of influenza vaccine during pregnancy [20, 21] , Hong Kong [22] and many other countries [23] [24] [25] , recommend seasonal influenza vaccines for all pregnant women during influenza season, regardless of their gestational age, to reduce the cardiopulmonary complications and hospitalizations associated with influenza infection [22, 26] . During the A/H1N1 influenza pandemic, groups that were experiencing the greatest morbidity and mortality from influenza, such as pregnant women, were again a priority group for vaccination [25] . In Hong Kong, the vaccine became available in December 2009 and pregnant women were prioritized to receive the first available doses [27] . A previous study on uptake of prepandemic seasonal influenza vaccine among pregnant women in Hong Kong showed that only 3.9% had been vaccinated during pregnancy [28] . The purpose of this study was to examine factors associated with 2009 A/H1N1 influenza vaccine uptake among pregnant women in Hong Kong.
Methods

Design and Participants
This study used a multi-center, cross-sectional design. New mothers admitted to the post-natal obstetric units of four geographically and socio-economically distributed public hospitals in Hong Kong (two hospitals from Hong Kong Island and two from the Kowloon Peninsula) were recruited into the study in the immediate post-partum period. Each hospital has more than 300 deliveries per month. Participants were recruited during the second wave of the A/H1N1 influenza pandemic, from February to June 2010. The following criteria were used for selection of the study participants: (1) 18 years of age or older, (2) Cantonese speaking, (3) singleton pregnancies, (4) Hong Kong residents, and (5) no serious medical or obstetrical complications (i.e., infant born at \37 weeks gestation, a birth weight \2,500 g, admission to the neonatal intensive care unit, congenital anomalies, or birth defects). All eligible patients who were on the postnatal ward at the time of data collection were asked if they would like to participate.
Study Instruments
Participants were recruited during their immediate postpartum stay and were asked to complete a questionnaire that consisted of four sections. The first section consisted of questions about their 2009 A/H1N1 influenza vaccination status, the vaccination status of family members, provider recommendations regarding vaccination, reasons for not being vaccinated and respiratory infections in the participant or family members. The second section asked questions about the participants' health status before and during the pregnancy. The third section consisted of a 23-item scale that measured participants' knowledge (16 items) and attitudes (7 items) toward pandemic A/H1N1 influenza, the A/H1H1 influenza vaccine, and A/H1N1 influenza infection during pregnancy. Participants' responses were measured on a 4-point Likert scale (strongly disagree, disagree somewhat, agree somewhat, strongly agree). Instead of a 5-point scale, a 4-point scale was chosen to mitigate the risk of obtaining a large proportion of neutral responses, which has been observed in other studies in this population [29] . The final section consisted of baseline demographic data including age, education, income, and employment status. The questionnaire was adapted from a previously used survey instrument designed by Tong et al. [30] and was used with the permission of the researchers. Before use, the study instrument was translated into Chinese (Cantonese) by an expert translator. To ensure accuracy of the translation, back translation of the Chinese version of the instrument into English was also performed by a different translator as per established guidelines [31, 32] . The Chinese version of the questionnaire was reviewed by two Chinese speaking researchers to ensure that the concepts would be clearly understood by Hong Kong mothers and that the wording was culturally appropriate.
Data Analysis
The outcome variable was 2009 A/H1N1 influenza vaccination status. Knowledge and attitude items were recoded into two categories to reflect either correct or incorrect responses in the case of knowledge items or either positive or negative responses in the case of attitude items. For both scales, a total score was calculated by summing all scale items. Negatively worded items were reverse coded so that higher scores reflected better knowledge levels and more positive attitudes. To facilitate further analysis of the effect of knowledge and attitudes on the study outcome, we collapsed total scores into categories based on the response distribution. Knowledge scores were categorized as low (score 0-5), medium (score 6-10) or high (score [11] [12] [13] [14] [15] [16] and attitude scores were categorized as negative (score 0-2) or positive (score 3-7). Chi-square statistics and Student's t tests were performed for the bivariate analyses. A multiple logistic regression analysis was performed to estimate the independent contribution, with corresponding odds ratios (ORs), of study variables to vaccination status. All variables with a significance level of P \ .05 in the bivariate analysis were entered into the model and odds ratios with 95% confidence intervals were calculated. The Hosmer-Lemeshow test [33] was used to assess the fit of the logistic regression model and variance inflation factor (VIF) was used to assess for multicollinearity [34] . The 0.05 level of significance was used throughout the statistical analysis. All data analysis was conducted using Stata version 11.1 statistical software (Stata Corp, College Station, Tx) [35] .
Before data collection, ethical approval for the study was obtained from the Institutional Review Board of the Li Ka-Shing Faculty of Medicine, University of Hong Kong and from all of the participating institutions. Informed written consent was obtained from all participants.
Results
We recruited 549 participants from the four study sites (Site A = 159; Site B = 141; Site C = 140; Site D = 109). Among the 549 participants, 6.2% (n = 34) reported receiving the 2009 A/H1N1 influenza vaccine, 4.9% (n = 27) reported receiving the seasonal influenza vaccine, and 2.2% (n = 12) had received both vaccines. Overall, 8 .9% received at least one of the vaccines and 91.1% of participants had not received any influenza vaccine during their pregnancy. The proportion of participants receiving the 2009 A/H1N1 vaccine varied slightly between hospitals (Site A: 15/144 = 9.4%; Site B: 7/141 = 5.0%; Site C: 5/135 = 3.6%; Site D: 7/102 = 6.4%).
The characteristics of the study participants according to vaccination status are presented in Table 1 . There were few demographic differences between vaccinated and unvaccinated participants. In general, vaccinated mothers had a higher education level and higher income but the differences were not statistically significant. 25 .9% (n = 142) of participants reported that they had experienced a respiratory infection during pregnancy, although this was also not significantly associated with vaccination status. Vaccinated participants were significantly more likely to have received the seasonal influenza vaccine previously and to have a family member who was also vaccinated against A/H1N1. The two most common reasons for not being vaccinated were fear of harm to the participant or the fetus (Table 2) .
A total knowledge score ranging from 0 to 16 was calculated based on the responses to the knowledge items. The mean score was 6.44 (SD = 2.85), indicating overall low knowledge levels. Mean knowledge scores were significantly higher among the vaccinated group (10.3; SD = 3.5) when compared with the unvaccinated group (6.2; SD = 2.6) (P \ .001). A majority of participants agreed that 2009 A/H1N1 influenza was a serious disease that often resulted in hospitalization (Table 3) . Nevertheless, vaccinated participants were significantly more likely to agree that 2009 A/H1N1 influenza was more serious for pregnant women and to believe that their fetus could benefit from maternal 2009 A/H1N1 vaccination while in utero and in the first 6 months of life. Less than one-third of all participants knew that the 2009 A/H1N1 influenza vaccine was recommended for pregnant women in Hong Kong, with vaccinated participants significantly more likely to know this. In addition, vaccinated participants were significantly more likely to believe that 2009 A/H1N1 influenza vaccine was safe at all stages of pregnancy. Overall, influenza vaccination rates were 1.8% (4/222) among participants with low knowledge scores, 3.7% (10/ 274) among participants with medium knowledge scores, and 37.7% (20/53) among participants with high knowledge scores (P \ .001).
A total attitude score ranging from 0 to 7 was calculated based on the responses to the attitude items. The mean attitude score for all participants was 2.3 (SD = 1.49). As well, the mean attitude score was significantly higher among the vaccinated group (3.9; SD = 1.5) when compared with the unvaccinated group (2.2; SD = 1.4) (P \ .001). All participants were equally concerned about potential side effects and illness resulting from vaccination, though vaccinated participants were more likely to believe the 2009 A/H1N1 influenza vaccine was effective in preventing influenza (Table 4) . Unvaccinated participants were significantly more likely to agree that vaccines should not be taken during pregnancy and that the risk of vaccination was greater than the risk of 2009 A/H1N1 influenza. Vaccination rates were 2.1% (7/327) among participants with negative attitudes and 12.2% (27/222) among participants with more positive attitudes (P \ .001).
Results of the logistic regression analysis identified having a family member vaccinated with 2009 A/H1N1 influenza vaccine (OR = 7.69; 95% CI 2.92, 20.19), high levels of knowledge (OR = 19.06; 95% CI 5.55, 65.48) and more positive attitudes (OR = 3.52; 95% CI 1.37, 9.07) as factors independently and positively associated with vaccination (Table 5 ). The Hosmer-Lemeshow goodness-of-fit chi 2 statistic for this model was 12.69 (P = 0.70), indicating a good fit for the data. VIF values showed no evidence of multicollinearity.
Discussion
In this study we examined uptake of the 2009 A/H1N1 influenza vaccine among pregnant women in Hong Kong during the second wave of the pandemic and identified factors associated with vaccination. Results of this study showed: (1) a low vaccination rate, (2) a lack of awareness of the recommendations for vaccination among unvaccinated participants, (3) a high level of concern among unvaccinated participants about the safety of the vaccine for both the mother and the fetus, (4) better knowledge and more positive attitudes among vaccinated participants, and (5) greater exposure to the 2009 A/H1N1 influenza vaccine among vaccinated participants.
2009 A/H1N1 influenza vaccination rates in this study were similar to those reported among pregnant women in [36] and Turkey (8.9%) [37] but substantially below those reported in France (22.7-37.1%) [38, 39] , the US (45.7-46.6%) [40, 41] , and Canada (72-76%) [42, 43] . The 2009 A/H1N1 influenza vaccine uptake rate among pregnant women in Hong Kong was also similar to the uptake rate of 5% among the Hong Kong general population [44] and the seasonal vaccine uptake rate of 3.9% among pregnant women in Hong Kong during the 2005/2006 influenza season [28] . Studies in other countries have also shown that seasonal influenza vaccination rates among pregnant women ranged from only 2-20% [2, 30, [45] [46] [47] [48] [49] . Although pregnant women were a priority group for vaccination and the local Department of Health actively encouraged high risk groups to receive the vaccination, the majority of participants remained unaware that they should be vaccinated. In addition, we collected our data during the second wave of the A/H1N1 pandemic in the winter and spring of 2010. At this point, the more dire predictions about potential outcomes of a global influenza pandemic had not been realized and overall, the pandemic was considered to be mild [9] . In Hong Kong, the A/H1N1 pandemic peaked in September 2009 and there were far fewer infections in the second wave of the pandemic during the winter of 2009-2010 [50, 51] . This may have contributed to the low vaccination rate among pregnant women.
Influenza vaccine has been demonstrated to be safe for pregnant women in any trimester and the risks associated with influenza infection during pregnancy are substantial [49, [52] [53] [54] . In addition, research has shown that influenza vaccination during pregnancy can reduce hospitalizations among infants \6 months of age for influenza and influenza like illnesses by 45-63% [55] [56] [57] . Despite this evidence, concerns about safety and side effects of influenza vaccine and possible birth defects resulting from vaccination continue to be the major reasons pregnant women remain reluctant to receive both the seasonal and H1N1 influenza vaccine during pregnancy [26, 30, 40, [58] [59] [60] [61] [62] . These findings suggest a sub-optimal response to public health campaigns to inform pregnant women about both the dangers of 2009 A/H1N1 influenza during pregnancy and the benefits and safety of the 2009 A/H1N1 influenza vaccine. Participants in this study with higher knowledge levels, more positive attitudes and more exposure to the vaccine were substantially more likely to be vaccinated, indicating that greater education and promotion of the vaccine may increase uptake. Accordingly, the Centers for Disease Control and Prevention reported substantial increases in the uptake of both seasonal and 2009 A/H1N1 influenza vaccines among pregnant women in the United States during the 2009-2010 influenza season after focused public health education efforts [40] .
In Hong Kong, it is likely that the media also played a role in both the low uptake of vaccination and the beliefs about potential side effects of vaccination. During the pandemic, the local media prominently reported cases of pregnant women who experienced miscarriages and stillbirths after having received the 2009 A/H1N1 vaccine [63] [64] [65] . There were also several cases of Guillain-Barré Syndrome among men after 2009 A/H1N1 vaccination that received wide coverage in the English and Chinese press [66] . These events often occurred weeks after vaccination and in the case of two of the stillbirths, there were other pregnancy complications. Despite reassurances from health professionals that the events were unrelated to the vaccine and that pregnant women and other groups should continue to be vaccinated [67] , the adverse events were invariably linked to the vaccine in various media reports and vaccination rates among pregnant women and other high-risk groups fell after these incidents [44, 66] .
A major source of information for pregnant women is their health-care provider (HCP). However, fewer than 30% of participants in this study were actually advised by their HCP to have the vaccine. Other studies done in Hong Kong during the A/H1N1 pandemic have documented HCPs reluctance to receive the influenza vaccine themselves [68, 69] . Therefore, it is not surprising that they did not encourage pregnant women to be vaccinated. Many HCPs are reluctant to recommend the influenza vaccine to pregnant women because they are unaware of this recommendation, they underestimate the risk of influenza during pregnancy, they believe that the vaccine is not effective in preventing influenza, they have concerns about the safety and effectiveness of the vaccine during pregnancy or they do not think it is part of their responsibility [30, 46, 59, 70, 71] . Although a recommendation from a HCP was not associated with vaccination status in this study, other studies have shown that such recommendations were positively associated with influenza vaccine uptake among pregnant women [30, 40, 41, 61, 70] . With a novel virus, and especially when there is misinformation and hysteria being generated by the media, the role of the HCP in providing factual information and reassurance to pregnant women is more important because of uncertainty about the vaccine and the potential consequences [40] . In addition, publiclyfunded antenatal clinics in Hong Kong do not provide onsite vaccination, a situation that is similar to other countries [30] . Therefore, even if pregnant women are advised to get the vaccine, they have to go elsewhere to be vaccinated and thus may be less likely to seek out the vaccine. Offering and providing the influenza vaccine in the antenatal clinic setting has been shown to substantially increase vaccination uptake rates [72] . Participants in this study with a family member who had received the 2009 A/H1N1 influenza vaccine were substantially more likely to be vaccinated. Exposure to vaccinated persons may help to decrease the perception of risk from vaccination. In addition, if one family member requires vaccination, especially if it is medically indicated, HCPs may be more likely to recommend vaccination to all family members. Similar to findings from other studies [39, 73] , participants who had pre-existing co-morbid conditions were no more likely to receive the vaccine than those without preexisting conditions. Again, this may be due to lack of awareness of the recommendation for vaccination and/or the failure of health professionals to advise pregnant women with underlying chronic diseases to receive the vaccine.
Strengths and Limitations
This study is one of a number of studies to report on the actual uptake of 2009 A/H1N1 influenza vaccine among pregnant women during the 2009-2010 A/H1N1 pandemic [36, 37, 39, 40, 42, 43] , but to our knowledge the first in Asia. We recruited our sample from four geographically and socio-economically disparate hospitals across Hong Kong. As such, it provides a baseline for further research and can help to inform public health education and promotion programmes concerning influenza vaccine for pregnant women. Since we recruited new mothers in the immediate post-partum period, we measured actual uptake of vaccination during pregnancy and not just simply the intention to be vaccinated [74] , which has been demonstrated to be an unreliable indicator of actual vaccination [44, 75] . This study however, has several limitations. First, although we recruited participants from four hospitals, the sample was not population based and no data were collected from participants who refused to participate. Also, we do not know what proportion of eligible mothers chose not to participate. Second, our sample participated voluntarily and therefore, we cannot rule out the possibility that participants who had been vaccinated and had higher knowledge of 2009 A/H1N1 influenza were more likely to participate. Hence, if anything, the study results likely overestimate the uptake of 2009 A/H1N1 influenza vaccine among pregnant women in Hong Kong. Third, the low number of respondents who were actually vaccinated limited the statistical power of the study and thus our ability to identify factors significantly associated with vaccination uptake. In addition, researchers have pointed out that the use of logistic regression with samples that have highly skewed outcomes, such as what was found in this study, may result in overestimation of the odds ratios [76] . Thus, further research with a larger population-based sample is necessary to corroborate the study findings and to provide further insight into factors affecting influenza vaccine uptake.
Conclusions
Poor uptake of 2009 A/H1N1 influenza vaccination among pregnant women in Hong Kong was related to low knowledge levels, poor attitudes, and fear of vaccine side effects for the mother and baby. Increasing knowledge and awareness about the benefits of influenza vaccination for both the mother and the baby may increase uptake rates of both pandemic and seasonal influenza vaccine. Improving education for obstetric health-care providers, encouraging them to recommend vaccination for pregnant women and on-site provision of influenza vaccine in antenatal clinics could also improve vaccination rates. Finally, it is also important to further explore the influence of both HCPs and the media in pregnant women's decision making regarding influenza vaccine.
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